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Personal Reflection

My almost nine weeks at EARTH University in Costa Rica as a Borlaug Ruan
International Intern were truly some of the best of my life. This internship and experience taught
me so many new things, and while some were academic and agriculture related, so many were
not and those were the things that in the end are the most impactful on my life. With that being
said, let me tell you a bit about my life in Costa Rica and my investigation project.

I arrived at EARTH University on a Friday night after most staff and professors had left
for the weekend, meaning I wouldn’t meet my supervisor, or any adults, until Monday. With that
start [ was a bit nervous that I would lack a support system in this new country, where I knew
absolutely no one. Looking back at how it felt at that time, I had no need to worry as I found my
support system in a family of sorts made up of students of many ages and from many different
places. This started that first night when I met my roommate, Daniela, and two of her closest
friends, who I ate my first meal with in the cafeteria and then they gave me a tour of the main
part of campus. From that first night until my last night at EARTH I met new people almost
daily, and got hugs from countless people, some whose names I didn’t even know, all showing
how loving of a community the university is.

The extent of that community was further shown to me when it was time to start my
project. While I did meet with my supervisor and was given some options for areas in which I
could work, my research project topic and plan was fully up to me to decide, a very daunting task
for a girl freshly graduated from high school with very little research experience. This is where
Doreen and Miguel came in and helped me decide what I was going to study, where my project
was going to live, and how I would get the necessary materials for it. I met both of them less than

a week after arriving at EARTH during a program called work experience, which happened
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every Wednesday and Saturday from 6:30am-11:00am and was a way for first and second year
students to learn about many different topics in agricultures by doing hands on work in fields,
gardens, labs, and classrooms. Miguel and Doreen are fourth year students who lead one of these
areas, the peri-urban farm to be specific, and the place where my project was housed. After
deciding what my project was going to be on Wednesday, they helped me clear a space in the
greenhouse and start my project that Saturday, meaning I would have plenty of time to see my
project through. The weeks following I headed to the peri-urban farm to do data collection at the
start of work experience and then I would spend the rest of the time planting, fertilizing,
cleaning, and harvesting with the rest of the students.

Outside of doing my project work, I was able to join some classes for field visits and labs
to learn more about a variety of topics in the world of agriculture and explore a bit more of Costa
Rica. These ranged from a pineapple processing plant with the post harvest class, flowers and
ornamental plants with the genetics class, to a solar panel farm with the renewable energy class
and all included at least 6 hours of the day spent on the bus. On these trips I learned about a few
of the many possible career paths in agriculture and sustainability as well as connected more
with students and professors. I also got to see how the work life was in Costa Rica and what day
to day lives looked like for some of these professions. These visits added a layer to my internship
that was more than just a research project, it was meeting the people who do the work to keep
people fed, the electricity running, and so much more.

One of the things that writing this and looking back at past interns reflections that I
definitely overlooked was the convenience of my Spanish proficiency. While I did have moments
of struggling to recall a word or being lost at table wide conversations in multiple accents, I was

able to communicate with everyone who spoke either Spanish or English with ease. This
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prompted pretty much everyone I met to ask how I learned Spanish and would follow with the
explanation of how the first 6 years of my education were solely in Spanish, a program I now am
very grateful my parents put me in. That being said, I hope to keep up my Spanish speaking for
years to come for the ability to have more experiences like this one.

This brief reflection is nowhere near enough to tell of my whole experience with the
Borlaug Ruan Internship, but I am truly so grateful for the amazing opportunities, experiences,
and people I met in Costa Rica. I will forever hold the memories I made close to my heart and
hope to continue to be involved in the World Food Prize Foundations work in the world of food
and sustainability.

I would like to express my deepest gratitude to the World Food Prize Foundation for
making this program and experience possible. Specifically, I thank President Mashal Husain,
CEO Thomas Vilsack, and Dr. Norman Borlaug and John Ruan for founding the World Food
Prize Foundation and making programs like this possible. I am especially grateful to the Global
Youth Programs team, including Renee Cooper, as my main point of contact and support through
this experience, and Rebecca Picard, as another leader in the program.

And at EARTH University, I am very thankful for my program supervisor, Sofia Vargas,
and my project supervisor, Mauricio Segura, for both ensuring I had what I needed to thrive on
campus. I also could not have done my project without the support from fourth year leaders,
Doreen and Miguel, who both helped plant, set up, and execute my project, while also being
friendly faces on campus. Finally I would like to thank my amazing roommate Daniela who
welcomed me with open arms into our room and the university, introduced me to countless
people, and convinced me to get involved in fun campus activities. My internship would not

have been possible without any of these people and I am so grateful for each of you.
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Abstract

This research project analyzes the growth effects of the substrate in which lettuce
(Lactuca sativa) is grown, one being traditional soil from the rainforest floor, and the other being
a substrate mix of coconut fiber, rice hulls, and carbon with a 1:1:2 ratio. The objective of this
project is to evaluate how the sustainable growing substrate, composed mainly of agricultural
byproducts, acts as a possible alternative to traditional soil. The project consists of 20 lettuce
plants, 10 per treatment group, grown in pots inside a greenhouse. All lettuce plants were
connected to the farm's drip irrigation system, where a nutrient mix is also pumped through the
line and given to all plants. The lettuce plants were transplanted as seedlings on June 21, 2025,
and were monitored twice weekly, Wednesdays and Saturdays, for plant height, leaf count, vigor
score, and visual indicators of vitality and health. Early observations show that substrate-grown
plants have a higher initial growth rate than soil ones, however after four weeks the substrate
plants growth rate slowed and the soil plants reached a similar height. Additionally, the
soil-grown plants were more uniform in size and exhibited a deeper, more consistent green
coloration, potentially indicating higher nutrient availability and abundance. The lettuce plants
were harvested July 25 2025, and on that day final metrics such as biomass and root growth were
recorded. The findings of this project can help assess whether the sustainable substrate made
from agricultural byproducts can support productive lettuce production in a tropical rainforest

climate.
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1. Introduction

1.1 Context

As the global population creeps towards the nearly 10 billion people projected by 2050,
one of the most pressing challenges for that continuously growing number is how to feed
everyone. Even more critical is the question of how to do so sustainably, and in ways that can
endure for many years to come. Planting directly into the soil in the ground is the most
traditional method of agriculture, but what happens when that ground is no longer
reliable—when it is contaminated by polluted runoff, degraded by years of over-tilling, or
possibly the most urgent, when there simply is not enough fertile soil available for planting?
Beyond what it grows in, plants require water for growth, but when over one-third of human
inhabited areas are short on water there needs to be solutions where food crops can thrive with
increasingly limited sources (UNEP, 2024).

In response to these challenges, soilless growing substrates have emerged as promising
alternatives. Substrates composed of renewable agricultural byproducts such as coconut coir, rice
husks, and biochar, offer opportunities to recycle waste materials while reducing the pressure and
use of soil systems. Coconut coir is valued for its ability to retain water while maintaining
porosity and aeration, both things that promote early plant growth and root development (Ju et
al., 2025). Unlike traditional peat, which is effective but not super sustainable, these substrate
mixes make use of agricultural byproducts that might otherwise go to waste, aligning food
production with circular economy principles (Machado et al., 2023).

Despite these potential advantages, there is still the question of whether soilless

substrates can match or exceed the growth abilities of traditional soil. One leading reason for this
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is that the nutrient properties and availability in many soil alternatives can vary widely, due to
this these plants may rely heavily on fertigation (Gohardoust, 2020).

This study investigates how lettuce (Lactuca sativa) growth varies in the soilless substrate
mix of coconut fiber, rice husks, and carbon to the traditional agriculture method of soil, for this
study being collected from the rainforest floor. Over the five-week growing period, the plants
were measured by plant height, leaf count, vigor, and at harvest, biomass and root length to
evaluate the performance differences between treatments.

This research is important because it investigates whether agricultural byproducts can be
successfully used as sustainable substrates as alternatives to soil, a resource under an increasing
amount of strain and degradation. If successful, soilless substrates could help expand and

stabilize food production in non-arable areas or to conserve fragile soils.

1.2 Thesis

This study evaluates whether a coconut fiber, rice hull, and carbon soilless substrate can
act as a sustainable alternative to soil for lettuce production in a tropical greenhouse, measuring

growth, vigor, biomass, and potential implications for sustainable agriculture.
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2. Methods

2.1 Site and Duration

The study was conducted at EARTH University in Guacimo, Costa Rica, in a greenhouse
within the peri-urban farm at the harvest center. This location provided a semi controlled
environment with partial regulation of temperature and humidity, though natural climate
variation still influenced the conditions within the greenhouse. The experiment lasted for five
weeks, beginning on June 21, 2025 when the seedlings were transplanted, and ending on July 25,

2025 for harvest and final data collection.

2.2 Experimental Design

The experiment followed a comparative design with two treatment groups: lettuce
(Lactuca sativa) grown in traditional rainforest soil and lettuce grown in a substrate mixture of
coconut fiber, rice hulls, and carbon in a 1:1:2 ratio. A total of 20 lettuce plants were used, with
10 plants in each treatment group. Plants were picked and assigned randomly to treatment groups
from the seedling tray. The independent variable in this study was the type of growing medium,
being rainforest soil and a soilless substrate mix. The dependent variable was the growth and
vitality of the plants, measured in plant height, number of leaves, vigor score, biomass, and root
length. Control variables included water amount, watering schedule, nutrient delivery,

greenhouse conditions, and pot size.

2.3 Materials

The materials for this study included 20 five-gallon plastic pots, a drip irrigation system

connected to the farm’s nutrient line, a metric ruler for plant height measurements, a
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thermometer/hygrometer, water, 10-30-10 fertilizer, lettuce (Lactuca sativa) seedlings, and
nutrient mix. The soil treatment consisted of rainforest soil collected near a farm plot at EARTH
University, near the greenhouse where the experiment was taking place. The soilless substrate

mix consisted of coconut fiber, rice hulls, and carbon in a 1:1:2 ratio.

2.4 Planting and Set Up

Seedlings of similar size were transplanted into the pots on June 21, 2025 with each pot
filled with even amounts of either soil or substrate mix. Seedlings were planted at equal depths
and pots were arranged in the greenhouse in two parallel rows near each other. See Fig 1 and Fig

2 for experimental setup and actual layout.

Experimental Setup of Lettuce Trial (Top View Representation)

X X
X X
X X
X X
X X
X X
X X
X X
X X
Fig. 1 Experimental setup of Fig. 2 Picture with layout

plants showing top view of plants
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2.5 Watering and Nutrients

All plants were connected to the greenhouse’s drip irrigation system, which delivered
water and nutrients consistently and evenly to the plants. A standard nutrient solution provided
by EARTH University and used on their crops in the peri-urban farm was distributed across both
treatments through this system. The watering frequency and nutrient concentration were identical

for both soil and substrate groups to ensure uniform growing conditions.

2.6 Data Collection

Data was collected twice weekly, on Wednesdays and Saturdays, beginning June 25,
2025. Measurements included:

Plant height in cm, recorded from soil/substrate surface to the tip of the tallest leaf.

Leaf count, based on fully open leaves that were intact.

- Vigor score, using a subjective 1-5 scale where 1 indicated weak growth, smaller size and
appearance, to 5 indicating strong growth with vibrant colors, larger size, and minimal
spotting or pest damage.

- Notes on leaf color and pests or abnormalities, recorded as notes on visual signs on
vitality including yellowing/bleaching, spotting, or pest damage.

- Temperature and humidity of the greenhouse also recorded for future reference.

2.7 Final Harvest

On July 25, 2025, all plants were harvested, washed, and prepped to collect final
measurements. Measurements included:

- Total biomass (g), obtained by weighing the entire plants including roots.
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- Shoot biomass (g), obtained by separating roots, cut right at base, and weighing the
aboveground growth.
- Root length (cm), recorded from the base of the stem where the root was cut, to the tip of

the longest root.

2.8 Data Analysis

Data from each measurement day were averaged by treatment group and measurement.
Plant height, leaf count, and vigor scores were plotted over time to visualize growth trends and
compare the two treatments. Average growth rates (cm/day) were calculated from changes in
plant height between measurement intervals to analyze times of peak growth for each treatment.
Trends were analyzed for plant height and leaf count, and descriptive statistics of plant growth

were calculated.
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3. Results

3.1 Plant Height

The growth trends between treatments fluctuated over the five-week period, with
substrate plants maintaining a higher average plant height for a majority of the experiment (Fig.
3). Substrate-grown plants showed a faster establishment in the first two weeks, with an average
growth rate of 0.62 cm/day compared to 0.35 cm/day for soil-grown plants. However, from July
5 to July 16, the growth rate of the substrate treatment slowed while the soil treatment growth
rate increased, leading to averages between 0.35-0.55 cm/day for both treatments. During the
final measurement period (July 16-25), soil-grown plants exhibited a late growth surge, reaching
a peak rate of 1.07 cm/day, while substrate-grown plants slowed to approximately 0.40 cm/day.

Across the entire experiment, soil-grown lettuce had a higher mean growth rate (0.53
cm/day) compared to substrate-grown (0.43 cm/day). Additionally the soil plants displayed a
greater variability in growth rates (0.12-1.07 am/day), while the substrate plants remained more

consistent (0.12-0.65 cm/day).

Lettuce Growth Over Time: Plant Height

Soil
Substrate

201

181

161

141

12r

10f

Average Plant Height (cm)

“ > v N > W © S > Nl
& & A\ N A AT Y VR
Date of Measurement

Fig. 3 Graph showing the growth rates of soil and substrate treatments throughout the duration of

the experiment.
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3.2 Leaf Count

Leaf production followed a similar pattern to height where the substrate plants developed
a higher number of leaves quickly and maintained a higher leaf count for the first half of the trial
(Fig. 4). The substrate-grown plants averaged one more leaf per plant than the soil-grown ones
by July 5. However, by mid-July the soil treatment neared substrate in average leaf count, the
soil-grown plants averaging around 1 leaf more than substrate-grown ones towards the end of the
experiment. At harvest, soil plants maintained a higher leaf count, suggesting a slightly stronger

sustained vegetative growth.

Lettuce Growth Over Time: Leaf Count
12+
Soil

Substrate

101

Average Leaf Count

5 % a o > 3 © o % 5
Qv Qv A A AV AT A A AV G

Date of Measurement

Fig. 4 Graph showing average leaf count of lettuce plants over duration of experiment.
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3.3 Vigor and Leaf Color

Visual assessments showed notable differences in vigor and leaf coloration between the
two treatments. Substrate-grown plants were rated higher in vigor during the first two weeks,
receiving average scores of above 3, reflecting rapid establishment, brighter coloration, and
minimal signs of stress (Fig. 5). By contrast the soil-grown plants scored lower during this initial
period due to smaller size and appearance.

As the experiment progressed, however, the substrate plants exhibited more signs of
nutrient stress. The general color of the substrate plants during the last portion of the experiment
was a lighter green and even yellowing in some cases, while soil-grown ones became darker
green and more uniform in both color and size. As harvest approached, soil plants were receiving
higher vigor scores compared to the substrate ones.

These data points correlate with the results from plant height and leaf count, showing
substrate plants as stronger initially, both in size and appearance. This later shifted to soil plants
overtaking the substrate ones by harvest time, possibly indicating higher nutrient availability and
release in the soil compared to the soilless substrate. A darker green color of leaves typically
indicates a higher chlorophyll concentration, which is directly linked to nitrogen supply and
efficient photosynthesis. By contrast, the lighter green or yellowing in the substrate plants
suggests a drop in chlorophyll, often a symptom of nutrient, specifically nitrogen deficiency,
signaling reduced photosynthetic capacity. There have been studies that confirm the correlation
between the leaf greenness, chlorophyll content, and nitrogen content in lettuce, showing this as

the likely reason for the substrate plants lighter green color (Mendoza-Tafolla et al. 2021).



Sande 16

Lettuce Growth Over Time: Vigor Score
4.0 Soil

Substrate

w
wn
T

w
[=)
T

2.5

Average Vigor Score (1-5)

N
o
T

15F

o © ™ S}
ALY A AV AV
Date of Measurement

b(f’ b\’ﬁb AV AP AR &

A\

Fig. 5 Graph showing average vigor scores, based on a 1-5 scale, over duration of experiment.

3.4 Final Biomass and Root Length

At harvest, soil grown lettuce plants produced substantially more biomass than
substrate-grown plants (Fig. 6). The average total biomass was 84.5 g for soil plants and 51.5 g
for substrate plants. Shoot biomass followed the same trend, with soil plants averaging 78.5 g
compared to 45.7 g in substrate. Root measurements, however, revealed that substrate-grown
plants developed longer roots with an average of 18.5 cm, compared to soil with an average
length of 14.4 cm (Fig.7).

These results indicate that while the substrate treatment supported rapid early growth and

strong root development, soil ultimately provided higher productivity in terms of aboveground

biomass, meaning more food produced.
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Final Root Length at Harvest

Substrate

Fig. 7 Root length of lettuce
plants post-harvest
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4. Discussion

4.1 Key Findings

This study's goal was to assess whether a coconut fiber—rice husk—carbon substrate could
serve as a sustainable alternative to soil for lettuce production in a tropical greenhouse. Across
the five weeks of growth, both treatments supported healthy lettuce, but performance varied over
time. The substrate treatment promoted faster early growth, greater vigor, and longer roots, while
soil produced greater final biomass, more uniform coloration, and higher leaf counts at harvest.
Overall, soil outperformed substrate in final yield, though substrate demonstrated potential
advantages in establishment and root development, and a comparable, yet slightly lower, amount

produced at harvest.

4.2 Growth Patterns, Nutrients, and Other Studies

The differences observed between treatments likely reflect contrasts in nutrient
availability and retention. The coconut fiber, rice husk, carbon mix provided excellent aeration
and water-holding capacity, which likely supported rapid initial growth and led to the longer root
systems. However, substrate mixes often lack nutrient buffering capacity, making plants more
dependent on external fertigation (Gohardoust, 2020). This may explain the substrate’s decline in
relative performance over time, despite continued irrigation with the farm's nutrient solution.

The substrate plants having had a higher initial growth rate but lower final biomass aligns
with similar studies that also found that substrates containing coco coir and rice husks increase
early vigor but similarly saw nutrient supply as a limiting factor (Su & Zhang, 2024; Gohardoust,
2020). Similarly, other studies have noted that soilless substrates may promote early vigor but

underperform in long-term yield unless carefully supplemented. These results suggest that
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substrate refinement, whether through altered ratios of mix, nutrient amendments, or re-use

strategies, could possibly improve plant growth and vitality in future trials.

4.3 Sustainability and Cost

Although soil produced stronger yields in this study, sustainability considerations
highlight the promise of substrates if nutrient input is amended. The coconut fiber, rice husk, and
carbon mix is composed of agricultural byproducts that might otherwise go to waste. Using these
materials reduces pressure on soil resources, conserves topsoil, and contributes to circular
agricultural systems (Ju et al., 2025; Machado et al., 2023). Substrates can also be reused across
multiple growing cycles, potentially lowering costs over time from not having to invest yearly in
growing mediums. Additionally, substrates such as the one used in this study have the ability to
retain water better than most soils, leading to less irrigation costs and the ability to have longer
periods of time between irrigations.

By contrast, soil is widely available but increasingly degraded globally due to erosion,
nutrient depletion, and unsustainable practices (UNEP, 2024). While the rainforest soil used in
this study was fertile, results would differ if soil was collected from more degraded locations.
This underscores the potential of substrates as reliable alternatives in regions where healthy soil
is scarce. This was one limitation from this study as to truly see the promise of substrate mixes,
this study should be repeated with soils from different areas and climates. This could mean that
while soil remains more productive in this study, substrates offer promise in areas with degraded

or limited soil resources.
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4.4 Future Research and Broader Implications

This study highlights both the strengths and limitations of substrate-based systems.
Further studies should test different substrate ratios that could optimize nutrient retention and
reduce deficiencies, as well as examine performance across longer growth cycles and multiple
harvests in order to have more reliable data. Expanding to different crops could also reveal
whether substrate benefits are crop-specific or broadly applicable. Additionally, as mentioned
above, future studies should test multiple soil types in order to determine when substrate
mediums would be beneficial, and when the native soil may be the stronger option.

Soil-alternative systems like the one tested here may offer farmers in degraded or
urbanized areas new opportunities to produce food sustainably, especially under the pressures of
climate change. And as one-third of the world’s food comes from smallholder farmers, soil
alternatives such as this one could make production more resilient, even if only adopted by
smallholder farmers (FAO, 2023). While soil remains more productive under the conditions of
this study, substrates hold promise as part of the toolkit for resilient, sustainable agriculture,

especially as soil conditions and availability continue to decline.
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